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I. General information.
All reagents were purchased from commercial sources and used without further treatment, unless otherwise indicated. The products were purified by column chromatography over silica gel.
1 H NMR and 13 C NMR spectra were recorded at 25 ºC on a Varian 500 MHz and 125 MHz, respectively, with TMS as the internal standard. Melting points were obtained with a micro melting point XT4A Beijing Keyi electrooptic apparatus and are uncorrected. High resolution mass spectra were recorded on Bruck microtof. All reactions were monitored by TLC with Taizhou GF254 silica gel coated plates. Flash column chromatography was carried out using 200-300 mesh silica gel at increased pressure.
II. General procedure for the synthesis of zwitterions 2 (2a as an example).
To a solution of 1a (102 mg, 0.5 mmol) in water (1.0 mL) was added DABCO (156 mg, 1.05 equiv). The reaction mixture was stirred at 60 ºC for 12 h, then cooled down to room temperature. Water was removed under reduced pressure and a white solid was obtained. The crude product was washed with methanol and EtOAc for 3 times, and dried at ambient conditions to afford the desired product 2a in (150 mg, 95%)
III. General procedure for the synthesis of γ-lactams 3 and 4 (3a as an example).
To a solution of 1a (102 mg, 0.5 mmol) in MeCN (1.0 mL), DABCO (156 mg, 1.05 equiv) was added and stirred at 60 o C for 12 h. Then, the mixture was cooled down to room temperature and MeCN was removed under reduced pressure. Methyl iodide (0.047 mL, 1.5 equiv) in DMF (2.0 mL) was added and stirred at room temperature for 30 min. Finally, NaOH (240 mg, 1.2 equiv) was added and continued to stir for 30 min. The reaction mixture was poured into brine and extracted with EtOAc. The combined organic phase was washed with water (3 × 10 mL), dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure. The crude product was purified by column chromatography (petroleum ether/diethyl ether) to afford the desired product 3a (94.5 mg, 87%).
IV. Characterization of the compounds 2-4.
5-(1,4-diazabicyclo[2.2.2]octan-1-ium-1-yl)-3-(phenylcarbamoyl)pent-2-en-2-olate (2a)
White solid. m.p. 173-175 ºC. 
5-(1,4-diazabicyclo[2.2.2]octan-1-ium-1-yl)-3-((4-methoxyphenyl)carbamoyl)pent-2-en-2-olat e (2b)
White solid. 20.4, 24.3, 44.3, 51.9, 63.7, 93.2, 114.4, 118.8, 139.4, 147.6, 152.3, 169.8, 183.6 6, 26.4, 40.0, 45.9, 64.8, 120.2, 125.1, 127.1, 128.5, 128.8, 129.7, 136.1, 138.9, 171.4, 204.9 9, 26.6, 39.1, 45.0, 114.5, 119.2, 137.5, 147.4, 151.9, 177.4 9, 35.3, 42.9, 46.7, 117.1, 119.7, 124.4, 128.7, 135.3, 139.4, 175 
3-acetyl-3-methyl-1-(p-tolyl)pyrrolidin-2-one (3b)
